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EXECUTIVE SUMMARY

The United States Army has a number of flexible fiber reinforced polyurethane
fuel storage tanks in service or tightly packaged and stored in warehouses.
Some of these tanks have been used and stored while others are new.
Degradation of the polyurethane components of the tank wall caused by aging
and weathering sometimes leads to unexpected failure. It is necessary to
evaluate the condition of these stored tanks before placing them into
service. A promising, convenient and effective method for field evaluation of
these fuel tanks is based upon determining the surface electrical resistivity

of the polyurethane coating on the tanks by a portable resistivity meter.

As part of this work directive, SwWRI examined urethane samples using Fourier
Transform Infrared Spectrophotometry. The samples, furnished by Belvoir
Research and Development Center, resulted in good correlation with infrared
spectra with exposure time for the polyester urethanes, but poor correlation
for the polyether urethane. Also the two materials containing carbon black
were difficult to run and to interpret because of various interferences of the

carbon black.

A second project goal was to develop instrumented equipment capable of
detecting changes in the surface of polyurethane-coated fuel tanks.
Commercially available, portable resistivity meters were found to be
ineffective in measuring the surface resistivity of solid, cured polymers. A
more dependable, sensitive, and quantitative measuring device was conceived
and developed at SwRI. This meter was constructed and found to be capable of
measuring the surface resistivity of polymers in various degrees of

degradation.

An improved design subsequently evolved which will result in a portable, easy
to use, and more accurate meter than the model developed iuring the course of

this work. This "field unit" prototype has been designed ind is ready for

future consideration for construction.
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I. INTRODUCTION

Southwest Research Institute (SwRI) was contracted by the U. S. Army Belvoir
Research and Development Center to examine urethane samples by Fourier
Transform Infrared Spectrophotometry (FTIR). The samples, supplied to SwRI by
Belvoir R&D Center, resulted in good success in correlating IR spectra with
exposure time for the polyester urethanes, but poor correlation for the
polyether urethanes. The two materials containing carbon black were difficult
to run and to interpret because of various interferences of the carbon
black. A copy of the technical report for this phase is included as

Appendix A.

A second phase of this work directive was to develop a nondestructive, field-
operated system for evaluating the physical condition of the fiber-reinforced
polyurethane fuel tanks used by the Army. The project goal was to develop
instrumented equipment capable of detecting changes in the surface of
polyurethane-coated fuel tanks indicating that the urethane had undergone
degradation and was no longer suitable for use. It was determined that an
instrument capable of measuring the surface resistivity of an elastomer would
be the most suitable for a quick field check of the condition of the fuel
tank. The detection method employed had to be fast, noninvasive, safe to use,

and easily operated by unskilleZ military personnel.

1I. BACKGROUND

The U. S. Army is currently using large fiber-reinforced elastomeric bladders
or tanks for the storage of fuel or other liquids. These tanks may be folded
and stored in crates for years before being used. They may also be stored in
their crates for years after being used for fuel storage. Some residual fuel
usually remained in the tank after it had been emptied and stored. These
tanks are stored in warehouses under a variety of climatic conditions,
including hot, humid ones. This combination of heat and humidity Iis

deleterious to the urethane used in the construction of the tanks. For

handling ease and for saving warehouse space, these tanks are tightly folded
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and packed into wooden crates. Stress concentrations result along the folds
and creases of the tanks during storage due to the tight packaging. The
combination of extended storage in a hostile climate, extended contact with

hydrocarbon-based fuels, and tight packaging can lead to premature failure of

the elastomeric tanks. -
Unless a crack or failure point were plainly evident, an unreliable tank could -
o be filled with highly flammable fuel. If a major leak occurred in the tank

wall, the results could be catastrophic and deadly. Also if the leak were to
- occur in a fuel tank being used in a combat situation, the loss of fuel could
deprive forward combat units of sorely needed fuel for armor support and
impair their mobility. Even if filled with water, a very large tank could

present a hazardous situation if it were to suddenly rupture.

¢ To prevent an unsafe tank from being put into service, they should be tested
before use. One way to check their integrity would be to fill the tanks with
water or air prior to use. However, a check of this nature would be time-
consuming, expensive, and impractical for very large tanks. Another method

would be to inspect the tank wall in various places to determine the

f suitability of the tank for use. The elastomer structure of the tank wall
- could be analyzed for scissions in the polymer chain or a breakdown of the
Ef cross-linked structure. The polymer could be examined for visible changes in
‘ light absorption, reflection, or efflorescence at different light
: fraquencies. The tank structure could also be tested for changes in
N mechanical behavior such as tensile strength changes. However, the above
: mentioned analytical techniques to evaluate the condition of the fuel tank all
'; require laboratory facilities. The tank wall must then be patched at those
N sample points, introducing potential weak spots in the tank. Normally, a
Ev large number of samples would be required to accurately determine the
j; condition of the tank and would render the aforementioned invasive and
v destructive analytical techniques impractical.
3 An optimum technique for determining the condition of the urethane used in the
. fuel tanks would be fast, nondestructive, and reliably performed in the field
6 by Army personnel. Based upon these criteria, it was decided to employ an
! :
!
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’:; instrumented method using a resistivity meter to evaluate the condition of the
urethane used in the fiber-reinforced fuel tanks. This resistivity meter had
to be capable of measuring the specific electrical resistivity or conductance
of the polymer surface. A dramatic decrease in the surface resistivity of the
B urethane used to make the fuel tank would indicate the po’ymer had degraded

and the fuel tank wall could fail.

[II. PROCEDURE

The goal of this study was to develop a noninvasive and nondestructive method
to determine the condition of the polyurethane component of fiber-reinforced
polyurethane fuel tanks. The method developed during this program was based
?_ upon measuring the surface resistivity of polyurethane. Samples of humid aged
polyurethane samples received from Ft. Belvoir were tested to correlate
resistivity data with the duration of humid aging of the samples. The

polyurethane specimens received from Ft. Belvoir are listed in Table 1. A

change in the polymer due to aging could cause a change in surface resistivity
of that polymer. Samples of polyurethane-coated fabric were also received
from Ft. Belvoir. These specimens were not subjected to accelerated aging.
The surface resistivity was measured to test the effectiveness of the SwRI |
ir method on the textured, grainy surface found on the fuel tanks. The results |
7 of the resistivity measurements taken at SwRI can be compared to physical
strength data gathered a: Ft. Belvoir which 1is shown in Figure 1. This
: comparison of electrical resistivity to physical strength for each of the
]‘ humid aged specimens should indicate if electrical resistivity could predict

the physical strength of the polymer.

_ There were two major tasks or steps involved in developing an instrumented
.|i method for checking the surface resistivity of the polyurethane. One task
required the develcpment of a technique for taking resistivity measurements on

the surface of the polyurethane. This technique had to be suitable for use in

g field operations by unskilled personnel. Another task involved the
.\..
@ development of an instrument capable of measuring the surface resistivity of
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TABLE 1. POLYURETHANE SAMPLES FOR SURFACE RESISTIVITY
MEASUREMENTS RECEIVED FROM FT. BELVOIR

Humid Aged*

Days
Sample Type Humid Aged

A-1 Polyester-based 0 control -
A-2 7

A-3 14

A-4 28

B-1 Polyester-based 0 control
B-2 7

B-3 14

B-4 28

B-5 42

B-6 70

Cc-2 Polyether-based 0 control
c-2 14
Cc-3 28
C-4 42
C-5 70
PU-1-1 Polyester-based, 0 control
PU-1-2 carbon filled 7
4y

Polyether-based 0 control
carbon filled 7

»*
Humid aging consisted of immersion of coupon into water at 160°F

b
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polymers. Like the technique, this instrument had also to be suited for use
in field operations by unskilled personnel. In addition, this meter had to be
portable and to deliver accurate and reproducible results. Although it was
preferable that the instrument selected for testing be commercially available,
no suitable meter was listed in commercial catalogs; therefore, one was
designed and built at SwRI. The design specifications and parts list are

shown in Appendix B.

A. Surface Preparation

The first step in taking surface resistivity measurements was to clean and
prepare the surface of the polyurethane samples. Three cleaning methods were
investigated. They involved cleaning with (1) detergent, (2) solvent, and (3)
mild abrasive. The detergent was a common household dishwashing detergent,
and the solvent was methyl ethyl ketone (MEK). A commercially available mild
abrasive pad was also used. After scrubbing with the detergent or the
abrasive pad, the samples were rinsed with water to remove all residue and
then wiped dry. These three cleaning methods were tested because one cleanser

may not be suitable for all types of surface contamination.

There was some concern that cleaning the polyurethane tank surface would
remove too much of the damaged polymer surface, thus destroying any
possibility of meaningful surface measurements. It was decided, however, that
if the deteriorated portion of the polymer surface could be sloughed off
merely by washing, then very little subsurface degradation had occurred and
the tank was still suitable for use. On the other hand, if the damage to the
polyurethane was extensive and extended deeply into the polymer structure,
then washing ot the surface would not remove all the damage and would not

abrogate surface resistivity measurements.

After the polyurethane specimens were cleaned and free of any contaminants
that could contribute to ionic activity on the polymer surface, they were
ready for surface resistivity measurement. To make these measurements, a
probe connected to a conductivity meter was placed upon the polymer surface

and 1 resistivity reading was recorded.

10
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Two methods were evaluated for taking resistivity measurements. One method
required the application of deionized water to the surface of the polymer
before the meter probe was placed in contact with the polymer. The other
method for measurement required a dry polymer surface painted with silver-
filled paint.

v To ensure consistent resistivity measurements when using the method requiring
deionized water, a constant volume of water on the polymer surface was
needed. This water had to remain in place on the polymer surface while
measurements were taken. Two ways to contain a known volume of water on the
surface of a nonabsorbent polymer were tried. One way to try to hold water on
a polymeric surface was to gel the water; another way was to build a

containment dam.

The compounds to gel deionized water were tested for their effect on he
conductivity of the water. To be of use in taking surface resistivity
measurements, the gelled deionized water must be nonconductive. The gelling

agents which were tested were:

Colloidal silica

Guar gum

Methyl cellulose (nonionic)
Ethyl cellulose (nonionic)
Carbopol 834

Polyvinyl alcohol

Bentonite
Carbowax 6000

v vy
; o T e
Y VR R

Nadhial

The other way used to try to contain a known and constant volume of deionized

water on the surface of a polyurethane specimen was to build a dam to hold

[P A

that water. The materials used for making this dam could not have any water-

BOP T

soluble ions that would affect the ionic activity of the water. The following

- -

materials to build a dam were investigated:
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Plumbing wax

Modelling clay

Paraffin

Paraplast (polymer-treated paraffin)
Silicone Rubber RTV

The ionic activity of the gelled water and the water contained by the dam were .
tested by a conductivity meter and a volt-ohm meter. The meter probe tip was

placed in the water and a conductivity measurement was obtained.

An alternate method using silver-filled paint for preparing the surface of the
polymer for resistivity measurements was developed. With this technique, the
cleaned specimens were painted with a conductive silver paint that is also
used for printed circuits. The silver paint was used as electrodes on the
polyurethane surface. Prior to painting, a circular decal of the type used in
printed circuits was placed upon the specimens. The area inside the circle
and outside the circle were then painted with the silver paint. After the
paint had dried, the decal was removed, leaving an unpainted annulus between
the specimen as shown in Figures 2 and 3. Specimen preparation is covered in
greater detail in the Operating Procedure section of Appendix B. For surface
resistivity measurements, meter probes were placed upon the painted portion of
the specimen with one probe tip placed in each painted area surrounding the

unpainted annulus, as shown in Figure U.

B. Meter Evaluation

For the proposed test method that involved the use of water, any instrument
used had to measure polymer surface resistivity as well as the electrical

resistivity of water. Two types of instruments for measuring the conductivity

of water and the surface resistivity of polyurethane were originally planned

“ for evaluation. These meters were commercially available and were used
ff; primarily to check the conductivity of deionized water and the gelled
E:E deionized water. One of these instruments was the Hewlett-Packard 3U465A
}?F Digital Multimeter, a volt-ohm meter capable of measuring up to 20 megaohms of
i?ﬁ resistivity and 10 microvolts of current. The other meter was a conductivity

*
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Figure 2. Unpainted Specimen Showing Decal Ring,
Silver Paint, and Applicator
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SPECIMEN

READY FOR MEASUREMENT

Figure 3. Polyurethane Specimen Showing Inner and Outer
Silver Paint Electrodes and Unpainted Annulus
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Figure 4. Capacitance-Charging Meter with Specimen
Positioned for Measurement
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meter manufactured by Lawson Electronics. When each of these meters was used,
it was coupled to a probe having two metal tips spaced 0.5 inch apart. This
probe was placed in a polyethylene beaker containing 100 grams of deionized or
gelled deionized water. The conductivity measurements were performed at room
temperature. Additionally, the meters were used in an attempt to take surface
resistivity measurements on dry urethane samples that had been cleaned by one
of the aforementioned cleaning methods. For this application, the probe tips
were placed upon the surface of the polymer and gently pressed down to

maintain adequate surface contact.

After work using the Hewlett-Packard and Lawson meters was completed, a
catalog search of available conductivity meters was performed. It was
determined that commercially available meters were designed to measure the
conductivity of 1liquids but not solid polymers. No portable meter for
measuring the surface resistivity of polymers was found in any literature.
Upon consultation with a staff member in the Instrumentation and Space
Research Division, it was decided that SwRI could build a resistivity meter
using inexpensive, commercially available parts. Two types of meters were
designed. One meter was based upon a capacitance-charging principle and the
other upon a voltage-divider principle. The voltage-divider instrument is
supposed to be more accurate and better suited for field use than the
capacitance-charging meter. Both instruments are described in greater detail
in Appendix B. The capacitance-charging meter was chosen for this study
because all the parts were avaiiable while some of the parts used in the
voltage-divider instrument would have had to be back ordered and could not

have been received in time to complete the project on schedule,

IV. RESULTS AND DISCUSSION

The results of the work performed in this program are presented in two parts
based upon the test procedure cited in Section IIIl of this report. Some of

the testing was qualitative in nature while some was quantitative.
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A. Surface Preparation and Evaluation

The polyurethane laboratory specimens as received from Ft. Belvoir appeared
clean and were probably not indicative of the condition of the surface of any
fuel tanks that have seen extended use and storage. However, they were washed
with the three types of cleaning methods to determine if any of these cleaning
. methods were deleterious to the polymer. The use of solvents that would
attack polyurethane or strong abrasives that would scrub away much of the
polymer coating on a fuel tank would not have been advisable. The three
methods used in this study for surface cleaning were chosen because they did
not damage the polyurethane, yet were effective in removing grease, waxes,
salts, soil, or general grime. The type of cleanser chosen in the field would
depend upon the type of contamination present. In some cases, such as a tank
surface contaminated with a thick coating of greasy dirt having a high salt
content, all three methods could be used to clean an area for testing.
Cleaning with the abrasive pad or liquid socap should always be followed with
at least three deionized water rinses to remove any abraded material or
soap. After cleaning an area with any of the three cleaners, the area should

be wiped with a clean, dry cloth.

The use of deionized water or gelled deionized water for taking resistivity
measurements presented a number of problems. All of the gelling agents listed
in Section III.A proved to be too ionic in nature when added to deionized
water. The gelled water became far too conductive to be used as a medium for
determining the surface resistivity, or conductivity, of a polymeric

substance. This effort was abandoned.

The materials listed in Section [II.A for forming a dam to hold deionized
water on the polymer surface were equally unsatisfactory. Only the modelling
clay formed a watertight barrier against the surface of the polymer, but it
ii contained some water-soluble compounds. The other four materials tried did
;Ff not form a watertight seal when applied to the surface of a polymer and also
contaminated the test water. Even if satisfactory performances were obtained
from some of these materials, their use in the field would be difficult and

\‘-
¢ iradvisable. This effort was also abandoned.
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Painting the specimens with silver paint to form electrodes on the polymer

surface proved to yield meaningful resistivity readings. Care had to be taken
when painting the specimens to ensure that the unpainted annulus was of
uniform width. This uniformity is essential because the surface resistivity
is measured across the unpainted gap between the two painted electrodes;
therefore, differences in annulus width would result in different resistivity
measurements. The application of silver paint to the textured and grainy
fabric-coated specimens was difficult because the paint followed the grain,
creating an irregularly shaped annulus between the two silver paint
electrodes. See Figure 5. This irregularity would result in inconsistent and
useless resistivity measurements. Also, care had to be exercised not to apply
too much paint thus allowing the paint to follow the grain of the fabric at

the periphery of the unpainted annulus.

B. Meter Evaluation

Although the Hewlett Packard 3465A Digital Multimeter was capable of measuring
a large amount of resistance and a small amount of current, it was not capable
of surface resistivity measurements or measurement of the resistivity of
deionized water. The current flowing through the instrument during use
polarized the water or polymer surface in the area surrounding the probe
tips. The degree of polarization was constantly varying; therefore no
meaningful resistivity measurements were taken. The meter was determined to

be unusable for this application, and no further work was done using it.

Although the Lawson electronic meter was capable of detecting changes in the
conductivity of water, it was designed to give qualitative measurements
only. It was useful in determining that all of the additives for gelling
deionized water increased the conductivity of that water. The Lawson
conductivity meter was not designed to measure surface resistivity of

polymers. Work involving this meter was also cancelled.

The capacitance-charging based meter developed at SwRI was consistently able
to measure the relative resistivity of all the humid aged specimens provided

by Ft. Belvoir. From these relative readings, the specimens were ranked
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according to the duration of exposure to 160°F water for each of the five

specimen types. Multiple resistivity readings were taken on three different
days to check the reproducibility of the meter readings. In all cases, the
resistivity readings were similar to those measurements taken the preceding
day. The instrument was consistently able to define the difference in
resistivity of the urethane samples and enabled the operator to correctly rank
the specimens according to the amount of humid aging exposure each sample of
one type received, as shown in Table 2. These data are also represented
graphically in Figures 6 through 10. For the urethane specimens not
containing carbon black, only a couple of inconsistencies occurred in the data
as can be seen in Figures 9 and 10. These anomalies in the data were for
those specimens aged only 14 days. For those specimens humid aged for a
longer period of time, the resistivity readings were consistent with respect
to those obtained on the other specimens of the urethane type. As expected,
the urethane specimens not containing carbon black exhibited a decreasing
resistivity as the specimen exposure time increased. This decrease in
resistivity, or increase in conductivity indicates that a chemical change such
as chain scission or cross-link bond breaking has occurred. A comparison of
the resistivity data with the tensile strength data provided by Ft. Belvoir
showed a definite correlation between exposure time and tensile strength/

resistivity measurement. See Figure 1 and Figures 6 through 10.

For those specimens containing carbon black, the surface resistivity data were
consistent with the duration of exposure of the specimen. Again the specimens
were correctly ranked according to length of humid aging exposure. However,
the resistivity readings obtained from the samples containing carbon black did
not follow the same pattern of decreasing resistivity as did those readings
obtained from the urethane specimens not containing carbon black. In fact,
the resistivity readings for those specimens containing carbon black increased

consistently with increasing exposure to humid aging.

Although the polymer surface resistivity data obtained by using the SwRI-
designed meter were relative and not absolute, they did indicate the
usefulness of that meter in predicting the degree of humid aging exposure and
physical and resultant physical degradation for each of the urethane

specimens.
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TABLE 2. RESISTIVITY MEASUREMENTS

Resistivity
Days Reading
Sample ID Type Humid Aged Megaohms/cm2 Meter
Range Median Range

A-1 Polyester-based 0 control 4913- 5858 5508 10'0
A-2 7 3171- 3803 3592 1010
A-3 1 3805- 4783 4238 1010
A-l4 28 640- 762 702 1010
B-1 Polyester-based 0 control 4063- 4990 4433 10
B-2 7 2012- 2562 2352 10"
B-3 14 4143~ 5662 4683 10!
B-4 28 1240- 1933 1413 10']
B-5 42 163- 223 193 10!
B-6 70 32- 40 33 10!
Cc-1 Polyether-based 0 control 23820-77080 34500 1011
c-2 14 7o42- 9662  82u3 101!
c-3 28 1583- 2302 2039 10!
C-4 42 1435- 2392 1932 10!
C-5 70 1297- 2193 1788  10']

- PU-1-1 Polyester-based, 0 control 32- 102 33 109

B PU-1-2 carbon filled 7 333- 553 uu2 109

#f‘ PU-1-3 14 8u3- 1682 1063 109

o

- PU-2-1 Polyether-based, 0 control 592- 673 610 109

o PU-2-2 carbon filled 7 583- 712 700 109

3 ' PU-2-3 14 797- 1202 692 109

e PU-2-U 28 958- 1063 1061 109

E" PU-2-5 42 1173- 2062 ‘672 109

ij PU-2-6 70 1940- 2150 2080 109

-
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V. CONCLUSIONS

As seen from the data, the SwRI-designed capacitance-charging resistivity
meter was a useful tool in predicting the relative amount of humid aging
exposure and physical degradation for each specimen within a specific type of
urethane. Although this meter was not very suitable for field use, good
results were obtained in the laboratory. The data derived from using this
meter indicated the feasibility of using a surface resistivity meter to
determine the condition of the urethane polymer coating on a coated fabric
fuel tank.

The use of water or water-containing gelling agents was difficult, at best, in

a laboratory setting. It would be even more difficult to use in the field,

r————
.. v. .“‘

.; provided suitable gelling or containment materials could be found. Further

study of the use of water as a transmission medium for resistivity

S £

measurements is not recommended.

A second prototype meter is planned that will be portable, accurate, easy to
use, and suitable for field use. This meter, based upon the voltage-divider
principle instead of capacitance charging, is explained more fully in Appendix

B. The next phase of this work will be directed toward development of this

meter.

< [t 1is expected that the resistivity meter employing the voltage-divider
principle will not require the use of silver paint to form electrodes on the

surface of the polymer. When using the meter based upon the capacitance

i AR
LT W e
K " . .

charging principle, it was necessary to use electrodes made of silver paint on
the polymer surface to greatly increase the amount of surface contact area of

the polymer being measured. Unlike the small diameter provoe used with the

.
. P

capacitance-charging meter, the probe used with the voltage-iivider .nstrument

T Y e

B . L N T,
P
ot

will have a very large surface area tip, ensuring adeguate surface contact

Chasics

with any polymer. This probe tip will simulate the corfiguration of the

. silver paint electrodes used with the capacitance-charging meter.
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APPENDIX A

FTIR STUDIES OF URETHANE SPECIMENS
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FTIR STUDIES OF URETHANE SPECIMENS

I. EXPERIMENTAL

The five sets of specimens were dried in a desiccator several days prior
to this study. The infrared spectra of the sample specimens were obtained
using a Harrick 4X TBC-VA, set for attenuated total reflectance spectroscopy,
on a Digilab Model FTS-15E/D Fourier Transform InfraRed spectrophotometer and
the digitized spectra stored for future study. Hard copies of the infrared
spectra are presented in Figures 1-24.

Examination of the spectra revealed many abnormalities present in the
(3100 to 2800

contamination by hydrocarbon-like materials and possibly silicone oil release

carbon-hydrogen stretch region cm'1) due to possible

agent.

it ca 3300 cm

Examination of the spectra revealed slight increases in the absorbence
-1 (N-H stretch of the carbamate linkage) and the indication of
new absorption
hetween 3600 and 3100.

for extended periods the normal degradation of the urethane is expected to be

in the nitrogen-hydrogen and oxygen-hydrogen stretch region

Since these specimens had been exposed to hot water

the hydrolysis of the carbamate linkage of the molecule, as illustrated in the

2quation below, to form amine and alcohol end groups.

0 0 0
H 1 i
- NH-R-NH-C-0-R“-0-C]_+ H.O =~ -[NH-R-NH2 + HO-—R’—O-C]n + CO2
The amide I absorption band at ca 1565 em” (N-H deformation and <-N

stretch of the carbamate lirkage) should be decreased by this hydrolysis zs
well as the N-C-0O stretch band at ca '219 cm'1. In order to evaluate the data
obtained area measurements ind peak height ratios were made from the stored
ilzivized spectra and ceak ar=1 and reizht ratios wer=2 talculated and ccmparaa
TTrovarious feak orelniticns. Jhe ratlos obtalrer wclon ongwed Ccromise o
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II. DISCUSSION OF RESULTS

i e 4
A

A. Series ! Specimens

S AN S T

Table 1! illustrates that this polyester-based urethane yielded several
combinations of peak height ratios which were useful for ranking the samples
according to their exposure time. Peak area ratios did not yield useful data

for these specimens.

B. Series 2 Specimens

With the exception of sample 2-4, useful peak height ratio data (Table 2)
was obtained on this polyester-based urethane. Examination of the spectrum of
sample 2-4 (exposed 70 days) reveals that this sample is greatly different
from the rest of the samples. It has undergone hydrolysis of the ester as
well as the carbamate linkages, hence, yielding peak height ratios which do
not correlate with the other specimens. (In actual service this "tank" would

probably have long since ruptured and spilled its contents).

C. Series 3 Specimens

Sk o & 4

This polyether-based urethane did not yield much useful data. Of all the
peak height and peak area ratios calculated and compared, only the total area
of the O-H and N-H stretch regions ratioed against the C-0-C stretch band area
yielded values which would correlate with time of =xposure (Table 3). Samples
3-5 and 3-4, (42 and 77 hours exposure) failed to correlate at all. The

difficulty in obtaining correlations may pbe due to the increased resistance of

polyether-based urethanes to hydrolysis which causes a reduction in the

S percentage of the carbamate lirkages hydrolyzed.

il ok,

‘i D. Series 4 Specimens

w
o

These samples were from a carbon black filled polyaster-based ure-hane

1
. L
o 4
L rubber. It is very difficult to obtain reflectance type spectra, useful for )
( quantitative measurements, :rom carbon black filled polymer due to the !
&
}f appearance of derivative shaped peaks (often With near complete band )
p"-
L".
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p - 9
8 32
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inversions sometimes referred to as '"restrahlen" bands). In addition the
carbon black absorbs so much of the infrared energy that only weak absorbence
bands result. In spite of these difficulties, Table 4 does list two peak area
ratios based on the N-H and O-H stretch region which correlate correctly with

time of exposure,

E. Series 5 Specimens

These specimens were prepared from a carbon black filled polyether-based
_ urethane. The quality of the spectra obtained suffered in ways similar to
P that of the series U4 specimens. Of various peak area and peak height ratios
i measured, only one peak area ratio and one peak height ratio gave any
[ significant correlation with exposure time. The data in Table 5 shows good
i{; correlation for 4 out of 6 samples. The two samples which do not correlate
L4 are 5-3 (70 days exposure) and 5-4 (only 14 days exposure). However, if by
r chance these two samples were accidentally mislabeled, the data would present

excellent correlation if one switched the days of exposure data.

j IV. CONCLUSIONS

1?2» [t has been demonstrated that FTIR does show some promise of being a

useful tool to evaluate the degree of hydrolysis of various urethane rubber

specimens in the laboratory. However, more studies will be required to fully
demonstrate this capability. Under present "state-of-the-art", FTIR is still
a "laboratory only" technique. It must be compared against other techniques,
presently being studied that may brke more adaptable to field use. In any
future laboratory studies, there are several considerations which should be
applied in preparation of samples for analysis. First, the specimens
(preferably cut to the same size) should be cleared of any mold release
agents, i.e., silicones, by rinsing with trichlorotrifluorcethane followed by
drying prior to exposure to hot water, etc. Second, the specimens should be
cleaned again with the same soivent after exposure and then dried in a vacuum
desiccator for several days. Finally, the specimens should only be handled

with oil-tree tweezers prior to analysis by attenuated total reflectanrce.
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S The use of a photoacoustic detector accessory for FTIR might give better

“}f quality spectra in instances where the urethane rubber is carbon black filled.
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v TABLE 4. SPECTRA COMPARISONS
i" Peak Area Ratios
‘ Sample Days 3490-3070( ") 3490-3070
_ Number Exposed 1558-1475(2) 1425-1327(3)
‘ 4-1 0 1.238 2.248
‘ 4-2 14 1.053 1.778
L 4-3 7 1.210 2.190
L,

(1) The 3490 to 3070 em” region includes the N-H stretch
band, of the carbamate group, at ca 3320 em™ ! plus
the O-H and N-H stretch bands of the primary alcohols
arnd amines formed by the hydrolysis of the carbamate
group.

- (2) The 1558 to 1475 cm”™' region includes the amide II
. bang (N-H deformation and C-N stretch) at ¢a 1535

cm” ' plus the aromatic C-C stretch ca 1512 em™'.

. (3) The 1425 to 1327 em™! region includes, amorg others,
{ absorpt:.on bands at ca 1412, 1375, and *':50. This
region was selected on the basis that the peak areas
appeared to remain constant and offered a "flat"
baseline between 1425 and 1327 em™!
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TABLE 5. SERIES 5 SPECTRA COMPARISONS

Peak Area Ratio Peak Height Ratio
Sample Days 3&60-3090(1) 3§19(3)
Number Exposed 1568-1475(2) 3063(%)
5-1 o 0.245 0.111
. 5-2 28 0.167 0.515
4 5-3 70 0.616 0.437
- 5-4 14 1.439 1 (5) 1.850 1 (5)
[ 5-5 42 0.779 0.652
5-6 7 0.475 0.292

* (1) The 3460 to 3090 cm”' region includes the N-H stretch
q band, of the carbamate group, plus the 0-H and N-H
stretch bands of the primary alcohols and amines
formed by the hydrolysis of the carbamate group.

T

(2) The 1568 to 1475 cm™! region includes amide II bands
and the aromatic C-C stretch band.

(3) The 3271 em™'  band due to N-H stretch of the
carbamate group plus the N-H stretch of primary
amines and bonded OH stretch of primary alcohols.

M.

(4) The 3063 cm'1 band represents the strongest of the
aromatic C-H stretch bands.

(5) These =wo sampies fail <o correlata in thz proper
arier, If the sampies were switched the data would
correiate very well.
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